ABSTRACT. Objective. Dust control is recommended as one of the cornerstones of controlling childhood lead exposure; however, the effectiveness of dust control has not been demonstrated for children who have low to mild elevations in blood lead ( ie, less than 25 µ µg/dL). The objective of this study was to determine whether dust control, as performed by families, had an effect on children's blood lead levels and dust lead levels in children's homes.
Lead, a confirmed toxin, is ubiquitous in the urban environment. 1 Multiple sources of lead in and around homes have been shown to contribute to children's lead intake. Currently, the most important sources are believed to include lead-contaminated paint, dust, soil, and water. [1] [2] [3] [4] [5] [6] [7] [8] [9] Ingestion of lead-contaminated house dust is thought to be a primary source of childhood lead exposure. 2 Presumably, lead-contaminated house dust originates from deteriorating interior lead-based paint or from lead-contaminated soil that is tracked indoors. Children who live in older houses in poor condition or that have been renovated are at increased risk of exposure to high levels of lead-contaminated house dust. 4, 5 Although it is difficult to quantify the relative contri butions of various environmental sources of lead to children's intake, lead-contaminated house dust seems to be a major source for urban children. [3] [4] [5] [6] [7] [8] Dust control measures are generally recom mended as one of the cornerstones to reduce child hood exposure to lead 2, 10 However, dust control has not been demonstrated to be efficacious for the pre vention of lead exposure among children who have low to mild elevations ( ie, <20µg/ dL) in blood lead levels. In a randomized trial of the efficacy of a dust control intervention using professional dust control teams, Charney et al 11 found a significant reduction in blood lead levels of children in the experimental group after 12 months. However, that study only included children who had blood lead levels between 30 and 49 µg/dL. Furthermore, the houses of children in both groups received paint stabilization. In another study, involving fewer than 50 children younger than 6 years with low to mildly elevated blood lead levels, Kimbrough et a1 12 reported a significant decline in children's blood levels after education about dust control and behavior modification. Because there was no control group, however, it was not clear whether the decline in children's blood lead levels was due to the intervention or the well-recognized decline in blood lead leve ls associated with the increasing age of the children. It therefore remains unknown whether dust control, as performed by families, will result in lower dust lead levels or lower blood lead levels in urban children.
Intervention
For families assigned to the intervention group, at the time of baseline sampling, a trained interviewer emphasized the importance of dust control for reducing children's exposure to lead, provided them with cleaning supplies (durable paper towels, spray bottles, and a detergent specifically developed to clean up lead-contaminated house dust [Ledizolv; Hincor Inc]), and gave a demonstration of how to clean surfaces. Families were instructed to clean the entire house every 3 months, interior window sills and floors near windows once every month, and window wells once each month when they were open. Families also were instructed to clean carpets thoroughly on a weekly basis using a vacuum cleaner, if available. Families in the intervention group were also given a coloring book that described lead poisoning and its prevention.
Venous blood samples were collected by using a meticulous technique to avoid contamination. All blood lead results are the means of two separate laboratory analyses conducted over 3 consecutive days for a precision of plus or minus 0.5 µg/ dL (0.024 µmol/ L) and a detection limit of 1 µg/ dL (0.048 µmol/ L). Household dust sampling was conducted to characterize the potential exposure of children to lead from environmental dust. In each housing unit a maximum of 10 (range, 1 to 10) dust samples were collected from the floors, interior window sills, and window wells (troughs) from the principal play area of the child, the child's bedroom, the kitchen, and the entryway floor at baseline and at follow-up. At least seven wipe samples were taken from 85% of the houses. All samples, including carpet dust, were obtained by using a commercial brand of baby wipes (Little Ones; K-Mart); the sampling method has been described elsewhere.
14 At the 7-month follow-up, dust samples were only collected from houses if the children still lived there. Finally, a face-to-face interview was conducted to assess the reported compliance of families who used Ledizolv, the frequency of cleaning, and children's mouthing behaviors.
for lead in soil samples was 10 µg/g. Drinking water, which also was only measured at baseline, was analyzed by using atomic absorption. For the purpose of statistical analyses, lead measurements below the detection limit (0.001 µg/ L) were set to 0.0005 µg/L.
Statistical Analyses
Baseline comparability of the intervention and control groups was evaluated by 2 tests, Wilcoxon tests, and t tests, as appropriate. Differences between baseline and follow-up blood lead levels and dust lead levels in the intervention and control groups were tested by Wilcoxon tests. Differences in blood lead and dust lead levels among families who reportedly used Ledizolv compared with those who did not (ie, those in the control group and those in the intervention group who did not use Ledizolv at least once a month on floors or interior window sills) also were tested by Wilcoxon tests. Differences in dust lead loading were calculated only for those specific locations that were measured at both baseline and follow-up. Prespecified baseline and interim period variables (such as remodeling and the month of the test) were investigated as possible predictors of changes in blood lead and dust lead variables, and multiple regression models to predict changes in blood lead levels and dust lead levels were developed. All P values reported are two tailed.
RESULTS
Of the 205 families who participated in the Leadin-Dust Study, 104 (51%) agreed to participate in the follow-up study. There was no significant difference in the characteristics of families and children who participated by blood lead level, dust lead loading, race, level of education, single -parent household, or income compared with those who declined participation. Of families who chose to participate, 8 (7.7%) of 104 refused or were not available at the time of the follow-up visit, 2 refused second blood tests, 3 had moved outside of the area, 2 had no time, and 1 was lost to follow-up. One additional chi ld's blood sam ple clotted, and a second blood sample was refused. Thus, 96 (92%) of the 104 children and their houses were tested approximately 7 months after the base line evaluation. Ninety -five had blood lead results available at both baseline and follow -up, and 80 (83%) of 96 children lived in the same residences at follow-up, and dust samples were taken.
Comparisons of the baseline characteristics of children, families, and their houses are shown (Table 1 ). There was a significant difference between the treatment groups in the amount of time spent outdoors, and there were marginally significant differences in water lead levels, levels of income, and the percentages of children reported to eat dirt or soil.
The mean change in blood lead levels among the 52 children in the intervention group was -0.47 µg/dL (95% confidence interval [CI], -1.21 to 0.27) compared with 0.42 µg/dL for the 43 children in the control group. This includes one outlier in the control group whose blood lead level increased from 14.6 µg/ dL at baseline to 55.8 µg/dL at follow -up. If the outlier is excluded, the mean change in children's blood lead levels in the control group is -0.55 µg/dL (95% CL -1.61 to 0.51). To include all children in the analyses, we used the median change in blood lead levels and nonparametric tests based on ranks in all of the following analyses.
There was no significant difference in the change in children's blood lead levels by treatment group. The median change in blood lead levels among METHOD A prospective, randomized trial was used to investigate the effectiveness of a minimal intervention of dust control for children with low or moderately elevated blood lead levels. Families who participated in the Lead-in-Dust study, 14 a cross-sectional study to assess the relationship of lead-contaminated house dust and urban children's blood lead levels, were invited to participate in a follow-up trial, regardless of their environmental exposure or blood lead levels. Families who agreed to participate were randomly assigned to either the intervention group or the control group by using block randomization. 15 Families in both groups were given a brochure about lead poisoning and its prevention. Baseline samples were collected between August 29, 1993, and November 19, 1993, and follow-up samples were collected between April 11, 1994 , and June 28, 1994.
Laboratory Analyses
Laboratory analyses have been described extensively elsewhere.
14 Briefly, dust samples were first analyzed by flame atomic absorption, followed by graphite furnace if levels were below detection limits of flame atomic absorption. By using flame atomic absorption, the detection limit was 10 µg/sample; for graphite furnace, the detection limit for the wipe was 0.25 µg/sample. Soil samples, which were taken at baseline from the perimeter of the foundation where bare soil was present, were thoroughly mixed and sieved by using a 2-mm mesh sieve and analyzed for lead by using flame atomic absorption spectroscopy. The detection limit
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RANDOMIZED TRIAL OF DUST CONTROL Thus, although there is some evidence to indicate that dust control may be effective in reducing chil dren's blood lead levels, it is too sparse and does not directly address children with lower blood lead lev els. 13 The purpose of this study was to determine the effect of dust control on urban children's blood lead levels. Dust lead levels also were measured to determine whether a dust control intervention, as performed by families, resulted in a significant lowering of lead -contaminated house dust. ) children in the intervention group was -0.05 µg/dL compared with -0.60 µg/dL among those in the control group ( Table 2 ). The differences in the changes in blood lead levels remained nonsignificant after adjustments were made for baseline character istics. Among families who reported using the detergent at least once each month on floors or interior window sills, there also was no significant difference in the change of median blood lead levels compared with families who did not use Ledizolv detergent at least once each month and those in the control group. The median change in blood lead levels was -0.05 (95% CI -2.6 to 0.65 ) µg/dL for the 28 children whose families used Ledizolv compared with -0.60 (95% CI, -1.9 to 1.0) µg/dL for the 65 children whose families did not use Ledizolv and who were assigned to the control group (P = .74).
Although there was not a significant difference in the change in median blood lead levels by group assignment, there seemed to be a higher percentage of children with blood lead levels of 20 µg/dL or more in the control group at follow -up compared with the intervention group (Table 3) . However, among children with blood lead levels of more than 10 µg/dL, the absolute change in median blood lead levels among children in the intervention group was not significantly different than those of the control group. The absolute change in blood lead levels for the intervention group was -2.9 (interquartile range, -3.3 to 0) µg/dL compared with -0.7 (Interquartile range, -4.3 to 5.1) µg/dL in the control group (P = .40).
Among children who did not move, there were no significant differences in the changes in dust lead levels by group. There were higher dust lead levels in window wells of the homes of children in the control group at baseline (which also raised the av erage dust lead level across the house), but this dif ference was not statistically significant. There was no significant difference in the absolute change in dust lead levels on floors, window sills, or window wells by group assignment (Table 4) . However, there was a trend toward a significant difference in the percent age of change in dust lead levels on noncarpeted floors that was greater among houses in the intervention group ( P = .08). Among children who did not move, the use of Ledizolv was not a significant predictor of the change in dust lead loading averaged over the house by surface (Table 5 ). However, there was a margin ally significant change in dust lead loading on win dow sills among families who used Ledizolv at least once each month compared with all other families ( P = .07). Families who used Ledizolv had lower window well dust lead levels at baseline than those who did not use it ( P = .05); this difference was also reflected in dust lead levels averaged over the house. It was not reflected in lower baseline blood lead levels for this subgroup of children. There were overall declines in dust lead levels for car peted floors, noncarpeted floors, and window sills in both groups. However, these declines were not statistically significant.
In a multivariate regression model to predict changes in blood lead levels, none of the baseline characteristics, including soil lead levels, water lead levels, the month of the test, children's ages, and
DISCUSSION
These data suggest that providing families with dust-cleaning supplies and a brief description abo ut preventing lead exposure does not result in a reduc tion of children's blood lead levels or lead -contaminated house dust among children with blood lead levels of less than 20 µg/dL during a 7 -month pe riod. This is the first randomized trial that has em phasized dust control as the sole intervention. In previously reported randomized trials that included (21) 3 (6) 3 (6) 2 (4) l (2) 12 (28) 12 (28) 7 (16) 6 (14) 2 (5) 6 (14) demographic characteristics, were significantly associated with the absolute change or percentage of change in children's blood lead levels. Finally, there also was no association of the absolute change in dust lead loadings averaged over the house with changes in children's blood lead levels (r = -.02; P = .86).
dust control, paint stabilization was also done for housing units in both the control and experimental groups, 9, 11 and it is possible that dust control, in the absence of a well -maintained condition of painted surfaces, is not adequate to reduce exposure to leadcontaminated house dust. However, note that the strength of the intervention in this study was weak; the intervention consisted of a 5 -minute presentation and provision of cleaning supplies, and some fami lies may not have had access to adequate cleaning equipment ( eg, mops, buckets, and vacuum clean ers). A more intensive intervention, conducted over a longer period of time and including the provision of cleaning equipment, perhaps would more likely show an effect on children's blood lead levels.
There is limited evidence that dust control or paint stabilization is associated with a reduction in blood lead levels among children with blood lead levels of less than 25 µg/dL. In fact, in a retrospective study of paint stabilization in Massachusetts, there was a sig nificant increase in mean blood lead levels among children with blood lead levels of less than 20 µg/dL. 16 In another study, Weitzman et al 9 reported a significant decrease in children's blood lead levels after soil abatement, paint stabilization, and interior dust control after an 11 -month follow-up among children with blood lead levels of less than 25 µg /dL. Collectively, these studies suggest that lead hazard intervention can effectively reduce blood lead levels among children with low to mild elevations in blood lead, but they also indicate that adequate cleanup after any intervention is required. Further -* Wilcoxon rank-sum test. †Geometric mean ± SD. ‡Median interquartile range). 17 showed that steam cleaning of carpets, followed by wet cleaning, resulted in a 61 % decrease in lead concentration and a 60% decrease in lead loading. Charney et al 11 showed that profes sional dust control teams reduced the proportion of housing units with dust lead levels greater than 100 µg /ft.
2 In this study we tested whether giving fam ilies dust-cleaning supplies and a brief demonstra tion was associated with a significant decline in dust lead levels; in general there was no significant dif ference observed. There was, however, a marginally significant difference in the percentage of change in dust lead levels on noncarpeted floors in housing units in the intervention group compared with those in the control group. We did not expect to observe a decline in dust lead levels on window wells, because it is likely that windows remained closed in most houses during the study period.
Dust lead levels were generally lower at follow -up compared with baseline levels in both groups for floors and window sills. However, these differences were not statistically significant. These lower dust lead levels could be due to either a Hawthorne ef fect 18 or seasonal variation in dust lead levels. Al though we did not specifically discuss dust control with families in the control group, they were aware of our interest in children's exposure to lead; exten sive dust sampling was done at baseline, and the families were provided with a brochure about lead poisoning and its prevention. These measures may have prompted families to improve their houseclean ing, resulting in lower dust lead levels at follow -up. The decline in dust lead levels also may be due to a seasonal variation in dust lead loading, which has been reported to peak in the summer months in one study. 19 Regardless, it is likely that the observed de cline in dust l ead levels among houses in both groups reduced our ability to demonstrate any effect of dust control.
It is possible that thorough vacuuming of carpeted surfaces, which was recommended to families as signed to the intervention group, may have canceled out any potential benefit of other dust control mea sures. Since our study was completed, Ewers et a1 20 have shown that thorough vacuuming of lead -contaminated carpets may actually increase children's exposure to lead-contaminated house dust. Although carpet dust lead loadings were generally ob served to decrease with subsequent cleanings, there were several instances in which dust lead loading increased as much as fourfold after cleaning. 20 Thus, although carpets can clearly act as reservoirs for lead -contaminated house dust, it is not clear that vacuuming reduces children's exposure to lead-contaminated house dust. 14, 20 There are some limitations of this study. First, trials involving children who already have been ex posed to lead probably underestimate the effect of any intervention. Blood lead levels are typically used to estimate the total body burden of lead, but it is well recognized that more than 70% of a child's total body burden is stored in bone. 21 Therefore, removing lead from a child's environment may not lower the blood lead to the level of an unexposed child. 22 Second, this study only followed 96 children and did not have adequate power to detect a change with a high degree of confidence. Third, the intervention con sisted of providing families with cleaning supplies and a brief overview of dust control. A more inten sive intervention, which might include provision of cleaning equipment and home visits specifically to encourage dust control, may have had a more dra matic effect, especially among children with higher blood lead levels. In earlier studies, children with higher blood lead levels have been found to have a greater reduction in blood lead levels after lead hazard interventions than those with lower blood levels, 11, 16 and the mean blood lead levels of children in this sample were lower than those in most other studies that have been conducted. Fourth, participa tion in the Lead-in-Dust study may have altered behaviors among families in the control group, thereby reducing any differences in the change in blood lead, dust lead, or household cleaning. Finally, the wide variability in dust lead loading in urban houses makes it difficult to demonstrate a significant difference in the change of dust lead levels.
This analysis identified several potential problems that should be addressed in future lead hazard in tervention studies: seasonal variation in dust lead loading, the possible introduction of a Hawthorne effect by using dust sampling at baseline, an inade quate follow -up period, and redistribution of body lead stores after a lead hazard intervention. These problems could be minimized by following children for at least 12 months to reduce problems with sea sonal changes in blood and dust lead levels and by conducting an intervention that attempts to prevent lead exposure in children before they have been exposed to lead -contaminated house dust.
These data suggest that providing urban families with supplies and a brief description of dust control to prevent lead exposure does not have an effect on blood lead levels among children with blood lead levels of less than 25 µg/dL. We also did not observe reduction in dust lead levels, with the exception of marginally significant reduction in dust lead load ing on noncarpeted floors. Further research is needed to determine whether more intensive dust control is associated with a significant decline in children's blood lead levels, both as a primary preventive measure and for children with blood lead levels exceeding 10 µg/dL.
